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A series of balloon-flight experiments at _Ititudes greater than i19,000 feet has been
conducted to gain information relative to the use of composite shields (passive and/or
active) for shielding large-volume, lithium-drifted, germanium (Ge(Li)) detectors used
in gamma-ray spectrometers at these altitudes. The measurements were made in the gamma-
ray energy region 60 keV _ E g 2 MeV and clearly illustrate the necessity of using a
dense gamma-ray shield prote_cted by an active aharged-particle shield for effective shielding
of these detectors in the primary cosmic-ray environment. Data showing the 2u_se-height
spectra of the environmental gamma radiation as measured at 5.3 and 3.8 gms/cm _ residual
atmosphere with an unshielded diode detector is also presented.
INTRODUCTION
The purpose of the work reported in this paper
was to study the effectiveness in the primary cos-
mic-ray environment of a composite gamma-ray detec-
tor shield incorporating both active and passive
shielding material to reduce the background in a
proposed gamma-ray spectrometer I for astrophysical
measurements. In addition, it was desired to as-
certain the reliability of using lithium-drifted,
_ermanium (Ge(Li)) diodes as gamma-ray detectors
in both balloon-flight and orbital experimentation.
DESCRIPTION OF THE INSTRUMENTS AND SHIELDS
The required shielding for the proposed spec-
trometer was determined in itiall_ by Monte Carlo
and other computational methods at ORNL with the
assistanceo_ members of the Mathematics and Neutron
Physics Divisions. A mock-up of the calculated
shield was built for balloon-flight tests as shown
*Research _ponsored jointly by USAEC under contract
with the Union Carbide Corp., and by Marshall Space
Flight Center, NASA, Huntmville, Alabama.
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on the right in fig. !. Kasic ]_ the shield was
a composite of active and passive elements de-
signed to either detect a background-producing
event or to physically prevent undesired radia-
tion from reaching the spectrometer. The outer
shield consists of a scintillating plastic (NE-
103) region on the outside both to detect charged
particles and, by using a thickness of four inches
of this hydrogeneous material, to moderate the
high energy neutrons which born as a result of
the charged-particle interactions or which enter
the shield from the outside. The scintillations
which occur in the plastic at the time of the
interaction are detected by the photomultiplier
tubes and are used to provide signals to "gate
off" the analysis of all pulses from the gamma-
ray detector for 8 _sec after the interaction.
https://ntrs.nasa.gov/search.jsp?R=19720010074 2020-03-17T03:45:55+00:00Z
Thus,the gammaraysreachingthedetectorduring
this periodarenot recordedonthe supposition
= 88 key).
This mock-up of the shield was tested at ORNL
by Rodda 3 Macklin, and Gibbons 3 with a pulsed-
that they are probably the results of the inter-
action.
neutron source generated by the 3 MV Van de Graaff
accelerator. The shielded detector as shown in
Most of the neutrons which enter the shield fig. 1 was exposed to 1.7-MeV neutrons (a typical
from the outside or are born in the shield as a re- energy for evaporation neutrons) with the plastic
sult of charged-particle interactions are moderated anticoincidence shield operated in the passive
to a sufficiently low energy to be stopped in a
1/2-in.-thick layer of LiF immediately inside the
mode and then with shield operated in the active
mode. Time-of-flight techniques were used to sepa-
plastic. Low-energy neutrons are captured in the
6Li with the subsequent emission of an alpha par-
ticle (6Li(n_G)t) rather than a gamma ray as with
rate the prompt galena-ray spectra from the delayed
spectra. The results showed a reduced neutron sen-
sitivity for this detector compared to NaI(TL), a
other common thermal-neutron shielding material;
i.e.,lOB(n,_)TLi*_ 7Li + _(478keY). Fast neu-
reduction of about one order of magnitude in the ob-
served number of inelastic scattering events in the
trons, which penetrate both the lithium and
lead with little difficulty, are often elasti-
cally scattered in the plastic and produce anti'
coincidence signals by virtue of the ionizations
produced by the recoil proton. Thus gan_na-_ay
Ge(Li) detector due only to the passive plastic
shield 3 and an additional reduction of another order
of magnitud_ in these events with the plastic shield
operating in the active mede.
pulses resulting from neutron interactions in the
detector or inner shield are further reduced.
Since gaz_na rays easil_ penetrate the plastic
and lithium due to their low density 3 it is nec-
essary to include a high-Z material in _b= _ _
to attenuate this radiation. Lead was used for
the mock-up, but it is proposed that bismuth be
used in the final shield because o£ its relatively
high threshold for neutron inelastic scattering
compared to lead 2. This gamma-ray shield as well
as all other passive components of the configura-
tion are placed inside the thermal-neutr0n and
active plastic shields to reduce the neutron inter-
actions and subsequent ga_na-ray production in
these materials. A total thickness of two inches
of lead was used in the balloon measurements.
Finally, the mock-up includes a 1/4-in.-thick layer
of stainless steel to suppress the fluorescent ra-
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diation which originates in the lead (K x-ray at 915
During the first two balloon flight of the
series, the pulse-height spectra of the environmen-
tal gamma radiation were obtained with the use of
the detector shown on the left in fig. 1. The
Ge(Li) detector in this configuration was unshielded
except for the 1/8-in.-thick aluminum of the con-
I
tainer and a i/4-in.- thick plastic anticoincidence
shield. In both configurationS, the 25-cc Ge(Li)
3
detectors were thermally coupled to a reservoir of
4
liquid nitrogen (LN2) by means of a long vacuum-
sealed cryostat. A vacuum-tight adapter collar
was used to prevent excessive boil-off of the LN 2
T_
at high altitudes and both instruments were rigidly
mounted in a stable frame for support and protec-
tion during the flights•
MEASURED PULSE-HEIGHT SPECTRA OF THE ENVIRONMENTAL
RAYS
The __lse-height spectra of natural gan_na
radiation as measured with the unshielded diode at
116.5- and 125.8 kilofeet ar_ shown in fig. 2.
The spectrum measured at 125.8 kilofeet was ob-
tained with the antieoincidence shield (A/C) in-
operative and probably includes some pulsea pro-
duced by electrons - especially in the low energy/
region. Both spectra show distributions corre-
spondin_ to E_2 (E = gamma-ray energy) below about
600 keV. Above this energy there is a strong in-
dication that the distribution changen to E "l.
Y
This is not inconsistent with the findings of
Perlow and Kissinger 4 who argue that the spectrum
of natural gamma radiation in the atmosphere is
primarily' the result of two sources: (1) bremstrah-
lung radiation resulting from electrons produced
by the decay of _-mesom_ (see also ref. 5) which
gives rise to the E -1 component, and (2) photons de-
W
graded in energy by multiple Compton scattering to
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the E_2- component. The only distinct mono-produce
energetic gamma ray present in the data is the 511-
keV annihilation photon• The values of the inten-
sities of this photon as reported by other experi-
menters 5"8 are compared to the values derived from
these data in Table i. There is a spread of a
factor of three in these reported measurements.
This variation, which is larger than would be ex-
pected from the altitude differences, may reflect
in part temporal variations in the cosmic-ray in-
tensity at the time of the measurements.
ALTITUDE DEPENDENCE C_ THE DATA
Representative of the balloon flights in this
serims is the one launched on May 12, 1969 at the
NCAR Balloon Facility in Palestine, Texas• Fig• 3
shows the time-altitude profile for the flight.
The balloon ascended at an average rate of 650
to a float altitude of 224 kilofeet. I_ remained
at this altitude for about 1B hours. From about
5000 feet until termination of the flight, the
following data were recorded•
1. Pulse-height spectrum of pulses in the
Ge'(Li) diode detector not associated with pulses
in the plastic shield.
2. Integral count-rate of all pulses in the
Ge(Li) diode detector not associated with isulses
in the plastic shield•
3. Integral count-rate of all pulses in the
Ge(Li) diode detector•
A. Integral ccunt-rate of all l_klses in the
plastic shield above a bias levels at _ 500 keV.
The count rate for all data channels remained
essentially constant after reaching float altitude
as illustrated in fig• _ which shows the count
rate as a function of time for all pulses occur-
ring in the Ge(Li) detector. Each of the data
channels showed similar constancy.
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Fig. 5 shows the same data as fig. 4 except
that the count rate is now shown as a function of
atmospheric pressure. The data between about
500 gms/cm 2 and 150 gms/cm 2 is well represented by
exponential law
I(P)_ e-P/P°
with Po = 158 gms/cmSo The peak counting rate
occurs at about 50 gms/cm 2 in the atmosphere.
Rocchia 5 has shown that the production of photons
at 511 keV in lead peaks at about ojgms/cm (at-
mosphere) whereas the production of photons in air
reaches a maximum at about lO0 gms/cm 2. We specu-
late, then that the data shown in fig. 5 may re-
flect, in part, a production of photons in the
shield. " Fig. 6 shows the count rate in the RlaS-
tic shield at two bias levels - l_O keV (low bias)
and 500 keV (high bias). The analysis of pulses in
the Ge(Li) detector was gated off by all pulses
greater than the 500-keV level. These data show
maxima at lO0 gms/cm 2 and follow an exponential
law, as before, with a Po of 187 gms/cm 2 and
194 gms/em 2 for the _igh-biased aud low-biased
data respectively. There is a difference in count
rate of only about 10% at the maxima of the curves.
The anticoincidence rates between the Ge(Li) detec-
tor and the plastic shield at the two bias levels
are shown in fig. 7. There is no signlficant dif-
ference in these count rates, indicating that the
diode rate was indeed being biased by good pulses
in the plastic rather than noise pulses. Since
these data represent pulses that are not associated
with events in the shield, they must represent the
natural gamma radiation and possibly neutral par-
ticles which leak through the shield and interact
in the detector. Again, these data are described
by an exponential law with Po = 17_ gms/cm 2 and
with the maximum count rate occurring at lO0 gms/c_.
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Rocchia's 5 measurements of the atmospheric photon
count rate as a function of atmospheric pressure
shows Po = 170 gms/em 2 With the maximum count rate
at 9_ gins/cm2. Consequently, it is felt that the
pulses accepted from the Ge(Li) detector as a re-
sult of these gating pulses are indeed correlated
with true atmospheric photons and do not originate
in the shield.
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MEASURED ENERGY SPECTRA
During the series of balloon flight, measure-
ments were made of effects on the energy spectrum
when various shield parameters were changed. In
flights 68A and 68B, the spectra inside the shield
were obtained at 120.8 KFT and at 118.0 K_ respec-
tively with the anticoincidence shield inoperative.
These data are shown in fig. 8. There are promi-
nent gazmna-ray peaks through out the pulse-height
spectrum. The reaction which produce the lines aze._
138 keV 74Ge(n,7)79mGe (48 sec)
198 keV 70Ge(n,?)71mGe (20 msec)
}ii keV Annihilation
600 keV 7_Ge(n,n'7)74Ge
696 keV 72Ge(n,n'w)72Ge (422 nsec IC tran-
sition)
8_} keV 72Ge(n,n'7)72Ge
The lines at 138 keV and 198 keV have been observed
by Womack 6 in a measurement similar to these and
the lines resulting from neutron-inelas.tic-
scattering events in the detector were reported by
l_odda, et el. 3. To see the effectiveness of LiF
thermal-neutron shield, flights 67B and 68B were
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made at approximately the same altituce with the
LiF removed from the shield during flight 67B.
The results are Shown in fig. 9. There is a con-
stant reduction in the intensity over the whole
energy range with the LiF in the shield. This is
attributable to the reduction by the Li of thermal
neutrons in the shield and the subsequent reduc-
tion of high-energy capture gan_na rays. On the
other hand, the relative intensities of the gamma-
ray peaks are not significantly reduced. This
would be expected if these peaks are the result of
fast-neutron interactions in the detector as dis-
cussed above. Although Rodda 3 did detect thermal-
neutron-capture gamma rays in the germanium at 600,
69_ and 870 keV and possibly at 967 keV, the con-
tinued prominence of these lines with the Li_
shield in and the elimination of the peaks in these
data with the anticoincidence shield active as diS-
cussed later led us to conclude that lines in these
data _re indeed the results of the interactions of
fast neutrons born during c_smic-ray events in the
plastic shield.
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The effectiveness of the total shield with
the anticoincidence shield active is presented in
the final set of data shown in fig. lO. These
data were obtained at essentially the same alti-
tude for comparison. The most distinctive dif-
ference in the two spectra is the virtual elimi-
ii nation the gamma ray peaks by the use of theof
active plastic shield. The lines at 139 keV and
198 keV, which are due to neutron capture in
germanium isotopes and the subsequent transition
from long-lived isomeric states, do appear to be
enhanced in the total-shield data. This may be
explained, at least in part, by the fact that the
life-time of both the isomers involved is suffi-
ciently long to persist beyond the 8-psec anti-
coincidence gate time. The overall reduction in
the intensity of the spectrum is due to the elimi-
nation from the gated pulse-height spectrum those
photons which are born durin_ or within 8 _sec
after a shower occurs.
C ONCLUS ICeS
The shielding of sensitive gamma-ray detec-
tors for use in gan_na-ray spectrometers in the pri-
mary cosmic-ray environment is a complex under-
taking. Calculations suffer from the lack of ade-
quate input data and the necessity of using com-
plex geometries in realistic shields. Balloon-
flight measurements, such as the one described
here, to test specific shield designs may be the
most reliable approach. The studies reported here
have indicated that the use of a sufficiently thick
external active shield such as scintillating plas-
tic is a/most essential to effectively stop charged
particles and aid in the thermalization of neutrons.
Plastic serves well in this capacity since it is
hydrogeneous and not subject to induced long-lived
activity by the neutron and charged particle in-
teractions. A high-densitymaterial of suffi-
cient thickness to overcome the effects of the
gamma-ray '%uild-up factor" in the material
must be used to attenuate the gamma radiation
which results from cosmic-ray interactions on
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which enter the shield from the outside. The use
of a thermal-neutron shield between the plastic
and the inner shield was shown to be desirable in
preventing capture gsmma rays in the shield. With
the exception of gamma rays fmom long-lived iso-
mers in germanium and annihilation radiation, the
shield described here utilizing a sufficiently
long antic,incidence gate time has reduced the un-
wanted peaks in the ?_ackground spectrum to an al-
most insignificant level. As proposed for the
final shield design but not discussed here, an
inner antic,incidence shield immediately adjacent
to the detector is desirable especially for the
suppression of Compton-scattered photons from
events in the detector. For example, it is esti-
mated that a 1-in.-thick layer of NaI(T_) inside
the shield discussed here would reduce the back-
ground continuum to less than lO "5 counts per
(sec. keV cm 2) for energies greater than 500 keV.
This is almost a factor of ten lower than the
best published, totally active shield 6 for this
energy region with which we are familiar.
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